ABSTRACT--A PCR-based protocol for the detection of the emerging fish pathogen Pseudomonas anguilliseptica was developed, using the primer set Psan-F/Psan-R designed on the basis of the 16S rRNA sequence.
Pseudomonas anguilliseptica is an emerging oppor tunist pathogen for a variety of fish species cultured in marine and brackish waters worldwide (Daly, 1999) . The microorganism was first described as the causal agent of red spot disease of Japanese eel (Anguilla japonica) cultured in Japan (Wakabayashi and Egusa, 1972) . Subsequentely, the pathogen has been isolated in different countries from a variety of cultured and wild fish species like European eel (Anguilla anguilla), black sea bream (Acanthopagrus schlegeli), ayu (Plecoglossus altivelis), Atlantic salmon (Salmo salar), sea trout (S. trutta), rainbow trout (Onchorhynchus mykiss), whitefish (Coregonus sp.), Baltic herring (Clupea harengus membras), striped jack (Pseudocaranx dentex), and orange-spotted grouper (Epinephelus coioides) (Nakai et al., 1985; Wiklund and Bylund, 1990; Lonnstrom et al., 1994; Kusuda et al., 1995; Al-Marzouk, 1999; Daly, 1999) .
From 1990, outbreaks of winter disease, an hemor rhagic septicemia also caused by P. anguilliseptica, have been reported in farmed gilthead seabream (Sparus aurata) in the Mediterranean area (Berthe et al., 1995; Domenech et al., 1997; Lopez-Romalde et al., 2003; Romalde et al., 2003) . More recently, this patho gen has also been isolated from turbot (Scophthalmus maximus), another valuable marine-fish species cultured in Europe (Lopez- Romalde et al., 2003) .
P. anguilliseptica has been described as a fastidious microorganism showing slow growth and weak reactivity on the bacteriological media usually employed for diag nostic purposes in the fish disease laboratories (Domenech et al., 1997; Daly, 1999; ). In addition, there are some discrepancies among the phenotypical descriptions reported by differ ent authors (Wakabayashi and Egusa, 1972; Wiklund and Bylund, 1990; Michel et al., 1992; Berthe et al., 1995; Domenech et al., 1997; Daly, 1999) . On the other hand, in most cases affected fish do not show typi cal clinical signs which can be associated with P. anguilliseptica.
All these facts make difficult the diagno sis of P. anguilliseptica infections by classical microbio logical procedures.
In recent years there has been much interest in the development of specific polymerase chain reaction (PCR) protocols, most of them based on the amplification of 16S rRNA genes, for detecting a vari ety of Gram negative and Gram positive bacterial fish pathogens (Hiney and Smith, 1998; Osorio et al., 1999; Romalde and Toranzo, 2002 Table 2 ; 39, P . anguilliseptica strain CECT 899T; 40, P. anguilliseptica strain TW-P1. Numbers indicate size in bp of the marker (left) and the specific fragment (right). dose of 103 CFU/fish (which is equivalent to <-10 CFU/50 mg of fish tissue), the pathogen was detected in 65% of the tissue aliquots (data not shown). No amplification was observed in tissues from the PBS-inoculated fish used as negative controls (Fig. 4) .
Application to field samples P. anguilliseptica was detected from samples obtained from three suspected cases of fish pseudomonadiasis, two of them in gilthead seabream and one in turbot, using the developed PCR-based method. Amplification of the specific PCR product (418 bp) was obtained with DNA extracted from internal organs of the diseased fish, including kidney, spleen and brain (Fig. 5) . In addition, the pathogen was also detected only in the brain of 40% (4 fish positive/10 fish analyzed) of the apparently healthy gilthead seabream broodstock in a routine analysis (Fig. 5) . Only in the case of diseased fish, P. anguilliseptica could be isolated on bacteriological media and identified by classical cul ture-based procedures. trations much lower than LD50 values, while no amplifica tion was observed in non infected fish used as negative controls. The results obtained in the analysis of natural samples clearly validate the method to be used in the field, since it was possible not only to detect the patho gen in tissues from diseased fish but also in apparently healthy fish. Interestingly, results obtained from carrier fish sug gest the existence of a certain tropism of this bacterial pathogen for brain tissue. This finding supports those obtained previously in which hemorrhages in the brain of striped jack (Kusuda et al., 1995) or granulomatous en cephalitis in gilthead seabream (Padros et al., 1999) were associated with the presence of P. anguilliseptica.
In summary, we describe here a PCR-based proto col suitable for a fast, specific, and sensitive detection of P. anguilliseptica, not only in diseased fish but also in asymptomatic carriers in which bacteria can persist in low numbers.
